Abstract Through analysis of a reported microarray-based high-throughput examination, we found that miR-1275 was significantly down-regulated in nasopharyngeal carcinoma (NPC). While its role and mechanism participated in NPC progression are still little known. Here, we explored the effect of miR-1275 on the progression of NPC. Results demonstrated that miR-1275 was markedly down-regulated in NPC tissues and cell lines. MiR-1275 markedly repressed cell growth as confirmed by CCK8 and colony formation assay, via inhibition of HOXB5 in NPC cell lines. Moreover, miR-1275 suppressed G1/S transition via inhibition of HOXB5. Further, oncogene HOXB5 was evidenced to be a potential target of miR-1275, and its expression was conversely correlated with miR-1275 expression in NPC. Collectively, our study indicated that miR-1275, a tumor suppressor, played a critical effect on NPC progression via inhibition of cell growth, and suppression of G1/S transition by targeting oncogenic HOXB5.
Introduction
MicroRNAs (miRNAs), are a class of single-stranded, small, and non-coding RNAs. They mediate post-transcriptional regulation of target genes via combination with 3′-untranslated regions (UTRs) at some sequence-specific sites, which contribute to suppression of these genes expression Belgardt et al. 2015) . miRNAs being critical regulatory factors in numerous of cancers have been confirmed by various of publications (Wulczyn et al. 2007; Chen et al. 2014; Dinami et al. 2014; Jin et al. 2014; Li et al. 2015) . Recent studies reveal that miRNAs lead to tumor cell growth, metastasis, apoptosis, stem cell maintenance, cell identity, and senescence (Diaz-Martin et al. 2014; Hsu et al. 2014; Huang et al. 2015; Mei et al. 2015; Sun et al. 2015a) . Although recent studies on miRNAs have broadened our horizon in human tumors, there are still numerous of unknown details which require to be further elaborated.
Nasopharyngeal carcinoma (NPC) is a kind of tumor derived from the epithelial cells located in nasopharynx. It is frequently occurring on some regions in Africa and East Asia, and common with diet or genetic factors involved in its nosetiology, as well as Epstein-Barr virus (EBV) exposure, (Chang and Adami 2006; Cai et al. 2015a, b) . NPC also occupies 1/3 of childhood nasopharyngeal neoplasms in the USA (Young and Miller 1975) . It is reported that dysregulation of miRNAs has been widely involved in NPC development. For instance, both EBV-miR-BART7-3p, and EBVmiR-BART1 could contribute to tumor EMT and metastasis through suppressing the PTEN-dependent pathways (Cai et al. 2015a, b) . Zhao et al. found that miR-3188 regulated NPC cell growth and chemosensitivity via regulation of mTOR-pElectronic supplementary material The online version of this article (doi:10.1007/s12079-016-0351-9) contains supplementary material, which is available to authorized users.
PI3K/AKT-c-JUN by targeting oncogenic FOXO1 (Zhao et al. 2016) . Another study indicated miR-93 facilitated cell proliferation and metastasis by targeting 3′-UTR of disabled homolog-2 mRNA in NPC (Xu et al. 2015) . Additionally, PDCD4, a tumor suppressor, could modulate miR-184-induced inhibition of survival, and cell growth in NPC (Zhen et al. 2013) .
MiR-1275 (MI0006415), a confirmed tumor-repressing miRNA, plays an important role in several diseases. Including obese (Pang et al. 2016) , hepatocellular carcinoma (Fawzy et al. 2015) , and oral squamous cell carcinoma (Manikandan et al. 2016) . Katsushima et al. also found that miR-1275 exerted a tumor-suppressing role in human glioma stem-like cells by regulation ofClaudin11 protein suppression (Katsushima et al. 2012) . Recently, Plieskatt et al. have reported that miR-1275 was markedly down-regulated in NPC (Plieskatt et al. 2014) , indicating the tumor-suppressing functions of miR-1275 on NPC, but up to now this suggestion has not been rigorously elaborated.
In the present study, we explore the biological efficiency of miR-1275 in NPC, and investigate the potential mechanisms of its action. We discover that HOXB5 is a direct target of miR-1275, and is up-regulated in several tumors, including gastric carcinoma (Hong et al. 2015) , breast cancer (Lee et al. 2015) , bladder cancer (Luo et al. 2012) , and oral squamous cell carcinoma (Tucci et al. 2011) . While whether HOXB5 is up-regulated in NPC is not be explored. In this study, we show that miR-1275 is indeed repressed in NPC tissues and cell lines, and find human HOXB5 is indeed a direct target of miR-1275. In conclusion, we reveal that miR-1275 represses NPC cell growth, and suppresses G1/S transition through directly targeting 3′-UTR of HOXB5.
Materials and methods

Ethical statement
For the analyzed tissue specimens, all patients gave informed consent to use excess pathological specimens for research purposes. The protocols employed in this Subjects Committee. The use of human tissues was approved by the institutional review board of the Wuhan University and conformed to the Helsinki Declaration and to the local legislation. Patients offering samples for the study signed informed consent forms.
Tissue collection
Fresh and formalin-fixed, paraffin-embedded, NPC tumor tissue samples were obtained from patients who were diagnosed with primary NPC. Elective surgery was carried out on these patients at People's Hospital of Wuhan University (Wuhan, China). In total, 114 cases of fresh NPC tissues were freshly frozen in liquid nitrogen and stored at −80°C until further use. 114 cases of archived, formalin-fixed, paraffin-embedded NPC tissue samples were collected and used in clinicopathological and prognostic investigation of miR-1275. A comprehensive set of clinicopathological data were recorded, including age, gender, size of primary tumor, tumor differentiation, T stage, lymph node metastasis, and distant metastasis. The stage of disease was determined according to the tumor size, lymph node, and metastasis (pTNM) classification system. The use of tissues for this study has been approved by the ethics committee of People's Hospital of Wuhan University. Before using these clinical materials for research purposes, all the patients signed the informed consent. None of these patients received any pre-operative chemotherapy or radiotherapy.
Cell culture and transfection
The human NPC cell lines, namely, SUNE-1, CNE-1, HNE-1, CNE-2, C666-1 and HONE-1 were cultured in RPMI-1640 (Invitrogen, Carlsbad, CA, USA) supplemented with 10 %. fetal bovine serum (FBS). The human immortalized nasopharyngeal epithelial cell line NP69 was cultured in keratinocyte/serum-free medium (Invitrogen) supplemented with bovine pituitary extract. MiR-1275 mimic and mimic negative control, miR-1275 inhibitor and inhibitor negative control were purchased from GenePharma Co.,Ltd. (Shanghai, China). Complete medium without antibiotics was used to culture the cells at least twenty-four hours prior to transfection. The cells were washed with 1× PBS (pH 7.4) and then transiently transfected with 50 nM NC or miR-1275, 100 nM ASO-1275 or si-HOXB5, using Lipofectamine™ 2000 (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's instructions.
Western blot analysis
Western blot was performed using the protocol described previously (Sun et al. 2015a, b, c, d; Sun et al. 2016a ). The following primary antibodies were used: rabbit anti-HOXB5 (Santa Cruz, USA), rabbit anti-GAPDH (Santa Cruz, USA).
RNA isolation and quantitative reverse transcription poly-merase chain reaction (qRT-PCR)
RNA isolation and qRT-PCR was carried out using the protocol described previously (Sun et al. 2015a ). GADPH and U6 were used as endogenous controls. In addition, melting curves were used to evaluate non-specific amplification. The relative expression level was calculated using the 2 -ΔΔCt method. The primer sequences used in this study are as follows: human HOXB5: sense: 5′-TCAGCCATGATATGACCGGG-3′, antisense: 5′-AGATCTTGATCTGGCGCTCG-3′; human GAPDH: sense: 5′-CTCTGCTCCTCCTGTTCGAC-3′, antisense: 5′-ACCAAATCCGTTGACTCCGA −3′. The formula and its derivations were obtained from the ABI Prism 7300 sequence detection system user guide. Statistical analysis was performed on the fold change.
Colony formation assay
Colony formation assay was carried out using the protocol described previously (Sun et al. 2015a ).
Luciferase reporter assays
Luciferase reporter assays was carried out using the protocol described previously (Sun et al. 2015a ).
BrdU immunofluorescence assay
BrdU immunofluorescence assay was carried out using the protocol described previously (Sun et al. 2015a ).
CCK8 assay
Cell growth was measured using the cell proliferation reagent WST-8 (Roche Biochemicals, Mannheim, Germany). After plating cells in 96-well microtiter plates (Corning Costar, Corning, NY) at 1.0× 10 3 /well, 10 μL of CCK8 was added to each well at the time of harvest, according to the manufacturer's instructions. One hour after adding CCK8, cellular viability was determined by measuring the absorbance of the converted dye at 450 nm.
Cell-cycle analysis
Transfected cells were harvested forty-eight hours after transfection. The cells were fixed in 70 % ethanol, washed once with PBS, and then labeled with propidium iodide (SigmaAldrich) in the presence of RNase A (Sigma-Aldrich) for 30 min in the dark (50 g/mL). Samples were run on a FACSalibur flow cytometer (Becton-Dickinson, FL, NJ, USA), and the percentages of cells within each phase of the cell cycle were analyzed using Cell Quest software.
Statistical analysis
All experiments were repeated for three times independently. Results were shown as the means ± standard error mean (SEM). Two independent sample t-test or One-Way Analysis of Variance (ANOVA) was performed using SPSS 20.0 software to assess significant differences in measured variables among groups. A value of P < 0.05 was considered to indicate a statistically significant difference.
Results
MiR-1275 is down-regulated in NPC tissues and cell lines, and is a favorable factor for prognosis
To validate the roles of miR-1275 in NPC, we firstly examined the miR-1275 expression level in human NPC tissues and their pair-matched adjacent NP tissues by qRT-PCR. The results demonstrated miR-1275 expression in the 114 NPC tumors tissues was markedly (P < 0.05) reduced (mean = 58 % of decrease) than their matched NP controls (Fig. 1a) . Then, we tested miR-1275 levels in NPC cell lines, and results revealed a lower expression of miR-1275 in CNE-1, SUNE-1, CNE-2, C666-1, HNE-1, and HONE-1 cell lines, in comparison to that of in NP69 (a normal NP cell lines) (Fig. 1b) . Moreover, patients with low miR-1275 levels (≤58 % of decrease, n = 78) had a shorter overall survival than that of inpatients with high miR-1275 expression levels (>58 % of decrease, n = 36) (Fig. 1c) , as confirmed by Kaplan-Meier survival analysis. Additionally, we also evaluated the association of miR-1275 expression with clinic-pathological parameters. Results revealed that miR-1275 expression levels in NPC were significantly corrected with clinical stages (P = 0.0023). While miR-1275 expression was not correlated with histological type (P = 0. 3962), gender (P = 0.9111), or age (P = 0.3248) in NPC ( Table 1) .
HOXB5 is up-regulated in NPC tissues and its expression is negatively related to miR-1275 HOXB5 is a well-known oncogene, which is up-regulated in several tumors. Such as, HOXB5 is overexpressed in human gastric carcinoma and induces invasion and migration through direct transcriptional up-regulation of β-catenin (Hong et al. 2015) , and HOXB5 is aberrantly overexpressed in breast cancer tissues and cell lines and promotes proliferation and invasion of breast cancer cells (Lee et al. 2015) . Moreover, Luo et al. reported that HOXB5 was frequently over-expressed both in bladder cancer tissues and cell lines and inhibition of HOXB5 suppressed the oncogenic function of cancer cells (Luo et al. 2012) . Hence, we then tested HOXB5 expression in NPC tissues and their pair-matched adjacent NP tissues, and results of western blot showed that HOXB5 protein levels were aggrandized in NPC tissues in comparison to NP tissues (Fig. 2a-b) , which was verified by qRT-PCR (Fig. 2c) . On account of the fact that HOXB5 is the critical factor in supervision of cell growth, cell cycle, and cell metastasis, aberration of its protein expression might result in the initial and development of human NPC. Additionally, we also assessed the association between HOXB5 mRNA and miR-1275 levels in 114 NPC tissues, and Pearson correlation analysis demonstrated that the expression of HOXB5 mRNA showed a significantly reverse correlation with miR-1275 levels(r 2 = 0.4129, P < 0.0001) (Fig. 2d) .
MiR-1275 targets human HOXB5
Having known miR-1275 is down-regulated in NPC, and expression of HOXB5 mRNA and miR-1275 exhibits inverse correlation. We next investigated the potential molecular mechanism of miR-1275's anticancer property in NPC cells lines. Actually, we seek several data bases, including PicTar, microRNA.org and TargetScan, for its underlying oncotargets. And we selected HOXB5 that harbors a conserved miR-1275 cognate sites at its 929-947 of HOXB5 3′-UTR) (Fig. 3a) , as an underlying target of miR-1275. To validate whether HOXB5 expression is indeed a direct target of miR-1275, luciferase reporter assays were performed. Results demonstrated that miR-1275 inhibited luciferase activity in CNE-1 cells and SUNE-1 cells with the WT HOXB5 3′-UTR reporter plasmid carried (Fig. 3b) , while no marked inhibition was shown with the MUT HOXB5 3′-UTR reporter plasmid carried. Indicating that miR-1275 directly binds to HOXB5 3′-UTR at the predicted binding sites. To examine the efficiency of miR-1275 on the expression of HOXB5, we treated CNE-1 and SUNE-1 cells with NC, miR-1275, si-HOXB5 or ASO-1275 for indicated time. And results of western blot demonstrated that both miR-1275 and si-HOXB5 treatment repressed the protein level of HOXB5 in CNE-1 and SUNE-1 cells, but ASO-1275 treatment increased the HOXB5 protein expression (Fig. 3c) .
MiR-1275 retards cell growth, and suppresses G1/S transition through down-regulation of HOXB5 in NPC
To further validate the tumor suppressive efficiency of miR-1275 in NPC, we treated CNE-1 and SUNE-1 cells with NC, miR-1275, si-HOXB5 or ASO-1275 for indicated time. First, we examined its role on NPC cell (CNE-1 and SUNE-1) growth. Both miR-1275 and si-HOXB5 treatment Kaplan-Meier survival analysis reveals that down-regulated miR-1275 is associated with poor prognosis in patients with NPC. *P < 0.05, Means ± SEM was shown. Statistical analysis was conducted using student t-test significantly attenuated CNE-1 and SUNE-1 cells vitality, while ASO-1275 significantly promoted CNE-1 and SUNE-1 cells vitality than NC treated CNE-1 and SUNE-1 cells, as demonstrated by CCK8 assay (Fig. 4a-b) . These results were verified using colony formation assay, a method which was frequency used to assess the efficiency of miRNAs on tumor cell clonogenic survival (Fig. 4c, Fig. S1 ). Moreover, BrdU staining demonstrated that both miR-1275 and si-HOXB5 treatment suppressed CNE-1 and SUNE-1 cell DNA synthesis than that of in NC treated CNE-1 and SUNE-1 cells, respectively. However, ASO-1275 treatment increased CNE-1 and SUNE-1 cell DNA synthesis compared with that of in NC treated CNE-1 and SUNE-1 cells, separately (Fig. 4d,  Fig. S2 ). Furthermore, the growth inhibitory efficiency of miR-1275 and si-HOXB5 on CNE-1 and SUNE-1 cells were accompanied by a corresponding increase in the ratio of cells in G1 and a decrease in the ratio of cells in the S phase (Fig. 4e, Fig. S3 ).
To verify the anticancer efficiency of miR-1275 in vivo, we performed tumor formation in nude mice using CNE-1 cells. Results indicated that the tumor volume and weight of mice the inverse association between miR-1275 level and HOXB5 mRNA expression. *P < 0.05, Means ± SEM was shown. Statistical analysis was conducted using student t-test treated with miR-1275 or si-HOXB5 were significantly reduced relative to that of treated with NC ( Fig. 4f-g ). While ASO-1275 treatment significantly increased tumor growth compared with that of in NC treatment in vivo (Fig. 4f-g ). These results demonstrated that miR-1275 significantly repressed the tumorigenicity of CNE-1 cells in the nude mouse xenograft model. In addition, our results of western-blot demonstrated decreased expression of HOXB5 in tumors derived from miR-1275-or si-HOXB5-treated nude mice relative to that of in NC treatment (Fig. 4i) . Thus, miR-1275 reduces the growth of established NPC xenografts. In addition, we also treated CNE-1 and SUNE-1 cells with NC, miR-1275 + HOXB5 for indicated time to verify miR-1275 inhibiting the tumorigenic potential of NPC cells by down-regulating oncogenic HOXB5 gene. CCK8 and colony formation assays demonstrated that miR-1275 suppressed cell growth in CNE-1 and SUNE-1 cells, while overexpression of HOXB5 in miR-1275 treated cells reversed the growthinhibitory role of miR-1275 in both CNE-1 and SUNE-1 cells, and normalized to that of in NC levels (Fig. 5a-d, Fig. S4 ). Overexpression of HOXB5 also reversed the role of miR-1275 on cell arrest in both CNE-1 and SUNE-1 cells, as demonstrated by cell cycle analysis (Fig. 5e) .
Collectively, miR-1275 retards cell growth, and suppresses G1/S transition through down-regulation of HOXB5 in NPC.
Discussion
The critical role of miRNAs in tumorigenesis via the modulation of various targets has promoted intensive research into miRNAs as biomarkers and miRNA-based therapeutic strategies for the treating cancers. In the present study, we identified that miR-1275 was frequently down-regulated in human NPC tissues and cell lines. Subsequent analysis indicated that miR-1275 was significantly correlated with advanced clinical stage. We also found that miR-1275 exhibited its tumor suppressive role on NPC cells by down-regulation of oncogenic HOXB5 gene. In NPC tissues, expression of miR-1275 was also found to be correlated inversely with HOXB5 expression. This suggested that the miR-1275 in NPC was a strong tumor suppressor by regulating NPC cell growth and cell cycle. Suggesting that miR-1275 has a critical role on suppression of the initiation and progression of NPC.
Until now, the detail molecular mechanisms on progression of NPC have not been well elaborated. Though aberrant of miRNAs has been demonstrated in numerous of human cancers (Sun et al. 2015b (Sun et al. , 2016a , the dysregulation and underlying efficiency of miRNAs in NPC were still little known. Decreased expression of miR-1275 has been revealed by several studies on obese (Pang et al. 2016) , hepatocellular carcinoma (Fawzy et al. 2015) , and oral squamous cell carcinoma (Manikandan et al. 2016) . Our results also showed that miR-1275 was downregulated in NPC tissues and cell lines, which suggested the deregulation of miR-1275 was an early event of NPC tumorigenesis. It has been reported that miR-1275 could control a number of target genes simultaneously. Such as, miR-1275 inhibited adipogenesis via ELK1 and its expression decreases in obese subjects (Pang et al. 2016) , and miR-1275 could hamper tumor growth by targeting three IGF2-mRNA-binding proteins in hepatocellular carcinoma (Fawzy et al. 2015) . Moreover, miR-1275 regulated stem-like cells of human glioma by suppression of Claudin11 protein expression (Katsushima et al. 2012) . While among all of the predicted target genes of miR-1275, we selected that HOXB5 functions as a crucial effector of miR-1275. And results of luciferase reporter assays demonstrated miR-1275 could markedly suppress the luciferase activity of Luc-HOXB5-3′-UTR by targeting the 3′-UTR of HOXB5 mRNA. Hence, we selected HOXB5 for further analysis.
Next, we explored the potential anticancer role of miR-1275 on human NPC cell lines. We first investigated its efficiency on NPC cell growth and cell cycle, and found that miR-1275 markedly suppressed cell growth in the NPC cell lines CNE-1 and SUNE-1. We also found that the growth-inhibitory efficiency of Fig. 4 MiR-1275 inhibits NPC cell growth, and suppresses G1/S transition through down-regulation of HOXB5. a-b. CCK8 assays of CNE-1 and SUNE-1 cells after transfection. c. Shown are representative photos of colony formation assay after transfection for fourteen days. d. Shown are representative photos of BrdU immunofluorescence assay after transfection. Bar = 50 μm. e. Cell-cycle analysis was performed following the treatment CNE-1 and SUNE-1 cells with NC, miR-1275, si-HOXB5 and ASO-1275 for forty eight hours. The DNA content was quantified by flow cytometric analysis. f. Tumor volume in nude mice. g. Tumor weight in nude mice. Each group contained six mice (n = 6); the data are presented as the mean ± SEM; *p < 0.001, compared with the NC group. h. The miR-1275 expression in nude mice. i. The expression of HOXB5 protein in nude mice. Assays were performed in triplicate. *P < 0.05. Means ± SEM was shown. Statistical analysis was conducted using ANOVA miR-1275 in NPC might be attributed to that miR-1275 targeting 3′-UTR of HOXB5 mRNA, and suppressing the protein expression of HOXB5 in NPC cells. We identified HOXB5 as a direct target of miR-1275 in NPC cells, and CCK8 assays of CNE-1 and SUNE-1 cells after transfection. c. Shown are representative photos of colony formation assay after transfection for fourteen days. d. Statistics of colony formation assay. e. Cell-cycle analysis was performed following the treatment CNE-1 and SUNE-1 cells with NC, miR-1275, HOXB5 + miR-1275 for forty eight hours. The DNA content was quantified by flow cytometric analysis. Assays were performed in triplicate. *P < 0.05. Means ± SEM was shown. Statistical analysis was conducted using ANOVA discovered that the tumor-suppressive activity of miR-1275 was induced by the modulation of HOXB5 expression. Moreover, miR-1275 could also retard G1/S transition in CNE-1 and SUNE-1 cells by directly targeting 3′-UTR of HOXB5 mRNA.
Collectively, our present study showed that miR-1275 was down-regulated in NPC cells and tissues, and its inhibitory effects on tumor progression were mediated by the downregulation of its target HOXB5. The present results elucidate a potential mechanism underlying the tumor-suppressor role of miR-1275, and indicate that miR-1275 could be a useful marker and potential therapeutic target in NPC.
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